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PURPOSE: To determine component contributions to ocular aberrations.  
METHODS: Anterior and posterior corneal contributions were obtained from Pentacam 
topography images and data, and ocular aberrations were obtained from iTrace 
aberrometer images and data. Compensation was made for decentration of corneal data 
relative to aberrometry data. Lenticular contributions were given as differences between 
ocular and corneal aberrations.  
RESULTS: Data were presented for right eyes of 56 adults. The signs of coefficients for 
ocular and total corneal aberration were usually the same (8/11 coefficients). Total 
corneal and lenticular aberrations usually had opposite signs (8/11 coefficients) and 
similar magnitude. There was compensation of total corneal aberrations by lenticular 
aberrations for 5/11 coefficients.  
CONCLUSION: In contrast to previous studies using the aberrations provided by the 
Pentacam, anterior corneal aberrations were much higher than posterior corneal 
aberrations. 
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1. Introduction 
Studies of component contributions to ocular aberrations have usually determined ocular and 
anterior corneal aberrations, and then obtained internal contributions as their differences (see, for 
example, [1-2]). The internal aberration contribution would have contributions from both the 
posterior cornea and the lens. Two studies used the Oculus Pentacam Scheimpflug instrument to 
determine anterior corneal and posterior corneal components according to the instrument’s values 
[3-4]. Posterior corneal aberrations were much higher than anterior corneal aberrations, which is 
unexpected given the small refractive index difference between aqueous and cornea.  
Early studies of the ocular component contributions did not take into account the difference in 
position between the corneal topographic centre and the pupil centre as determined in ocular 
aberration measurements. Accurate assessments can only be provided by correcting the reference 
position of a corneal topographer to that of an aberrometer [5], or by using a combined 
topographer/aberrometer with a single reference position.  
We determined anterior corneal, posterior corneal and lenticular contributions to ocular aberrations. 
Corneal contributions were determined directly from topographic measurements of a Pentacam 
rather than using the provided aberration coefficients.  
2. Methods 
Participants were 61 adults aged 41 ± 9 years for which we had Pentacam topography and iTrace 
aberrometry data. 4 right eyes and 5 left eyes were not included because of poor quality images or 
because pupil size with aberrometry was less than 5.0 mm. This study was approved by the 
Antwerp University Hospital Ethical Committee and all participants gave written informed consent. 
The steps to determine aberration components were as follows: 
1. Corneal data decentration relative to the pupil centre obtained with aberrometry 
The anterior eye images for the iTrace and Pentacam were analysed using an adaptation of our 
method [7]. This involved using the corneal limbus centre as a common reference point for the 
two images. The corneal decentration, or Pentacam corneal topographic centre relative to the 
iTrace pupil centre, was determined as (Figure 1):  
Limbus centre – iTrace pupil centre + (Pentacam pupil centre ‒ limbus centre) 
+ (Pentacam corneal topographic centre – Pentacam pupil centre)  
2. Produce GridSag files 
The anterior and posterior corneal height data were saved in a file in GridSag format, together 
with other biometric information. 
3. Determine anterior and total corneal aberration components 
Using into-the-eye ray-tracing from infinity and a 5 mm entrance pupil, corneal aberrations up 
to sixth order were estimated with Zemax optical design software (Zemax, LLC, Kirkland, WA, 
USA), taking into account the corneal decentration. The GridSag files were converted into 
“grid sag” surfaces. Raytracing was done for only the anterior cornea (1.376 index) to give 
anterior cornea aberration coefficients and then for both surface combined with an aqueous 
refractive index of 1.336 to give total corneal aberration coefficients. 
4. Other aberration components 
Other aberration coefficients were then calculated as: 
posterior corneal co-efficient = total cornea co-efficient – anterior cornea co-efficient 
lenticular co-efficient = ocular coefficient – total cornea co-efficient 
 
Figure 1. Determination of corneal data decentration (see text for details) 
Table 1: Zernike aberration coefficients (m) in 56 right eyes for 5 mm pupils  
Parameter  Ocular Tot Corneal  Lenticular Ant cornea Post cornea 
C2
–2
 0.014 ± 0.282 0.012 ± 0.254 0.002 ± 0.227 –0.017 ± 0.299 0.029 ± 0.071 
C2
+2
 0.003 ± 0.578 –0.223 ± 0.455 0.226 ± 0.361 –0.362 ± 0.520 0.139 ± 0.095 
C3
–3
 –0.026 ± 0.113 –0.034 ± 0.067 0.008 ± 0.105 –0.036 ± 0.064 0.003 ± 0.036 
C3
–1
 –0.053 ± 0.170 –0.024 ± 0.126 –0.030 ± 0.132 –0.006 ± 0.145 –0.017 ± 0.036 
C3
+1
 –0.046 ± 0.106 –0.073 ± 0.088 0.027 ± 0.101 –0.101 ± 0.103 0.028 ± 0.027 
C3
+3
 0.009 ± 0.116 0.034 ± 0.081 –0.025 ± 0.117 0.010 ± 0.079 0.024 ± 0.036 
C4
–4
 0.006 ± 0.037 0.007 ± 0.053 –0.001 ± 0.063 0.012 ± 0.049 –0.005 ± 0.019 
C4
–2
 –0.001 ± 0.030 0.000 ± 0.035 –0.001 ± 0.034 0.009 ± 0.034 –0.009 ± 0.012 
C4
0
 0.081 ± 0.066 0.090 ± 0.045 –0.009 ± 0.069 0.122 ± 0.044 –0.032 ± 0.012 
C4
+2
 0.003 ± 0.042 –0.011 ± 0.035 0.014 ± 0.049 –0.009 ± 0.033 –0.002 ± 0.014 
C4
+4
 0.014 ± 0.047 –0.029 ± 0.048 0.042 ± 0.063 –0.009 ± 0.045 –0.019 ± 0.018 
RMSno def  0.584 ± 0.403 0.543 ± 0.321 0.500 ± 0.252 0.662 ± 0.398 0.201 ± 0.077 
RMSHO  0.278 ± 0.109 0.206 ± 0.079 0.254 ± 0.088 0.225 ± 0.097 0.085 ± 0.030 
 
3. Results 
Table 1 shows Zernike aberrations coefficients (means ± SDs) of right eyes in the second to fourth 
orders, except for defocus, together with root-mean-square aberrations for second to four-aberration 
orders (except defocus) and for higher aberration orders. Ocular coefficients are shown, together 
with total corneal, lenticular, and anterior corneal and posterior corneal contributions.  
The analysis presented here is a simple comparison of means. Across the components, the highest 
aberration coefficients were C(2, 2), C(3, 1) and C(4, 0) (coefficients for horizontal astigmatism, 
horizontal coma and spherical aberration, respectively). The signs of coefficients for ocular and 
total corneal aberration were usually the same (8/11 coefficients). Total corneal and lenticular 
aberrations usually had opposite signs (8/11) and similar magnitude. There appeared to be genuine 
compensation of total corneal aberrations by lenticular aberrations for 5/11 coefficients (the ocular 
and total cornea coefficients had the same sign but the latter were of higher magnitude). 
The anterior cornea and posterior cornea had opposite signs for 7/11 coefficients. RMS values show 
that anterior corneal aberrations were about three times higher than posterior corneal aberrations. 
4. Conclusion 
This study broke down the ocular aberrations into four components based on topography and wave 
aberration measurements. Relative magnitudes of corneal and lenticular are similar to those 
reported previously [1-2]. In contrast to previous studies using the aberrations provided by the 
Pentacam [3-4], anterior corneal aberrations were much higher than posterior corneal aberrations. 
References 
[1] Artal P et al. Contribution of the Cornea and Internal Surfaces to the Change of Ocular Aberrations 
with Age. J. Opt. Soc. Am. A. 2002; 19:137–643. 
[2] Artal P, Benito A, Tabernero J. The Human Eye is an Example of Robust Optical Design. J. Vis. 
2006; 6:1–7. 
[3] Anand S et al. Wavefront Aberrations Arising at the Posterior Corneal Surface in Normal and 
Keratoconus Eyes as Reported by the Oculus Pentacam. Invest. Ophthal. Vis. Sci. 2008; 49(13), 1031. 
[4] Piñero DP et al. Pentacam Posterior and Anterior Corneal Aberrations in Normal and Keratoconic 
Eyes. Clin.Exp. Optom. 2009; 92:297-303.  
[5] Mathur A, Atchison DA, Tabernero J. Effect of Age on Components of Peripheral Ocular 
Aberrations. Optom. Vis. Sci. 2012; 89:967–976. 
